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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic component and manufacture 
thereof, enabling the forming of a metal layer having good solderability, contg. no Pb, 
and having high mechanical strength and high bond reliability on electrode leads for 
external connections. 

SOLUTION: On electrode leads 5 for external connections, a metal layer 6 of an Sn 
alloy contg. Bi 4-15wt.% and Ag plus Cu 5wt.% or less is formed by the electroplating 
at a current density of 1 .5A/dm2 after forming an Ni or Cu base layer on the leads 5. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi four to 1 5% of 
the weight as an outermost layer metal at Sn at the electrode lead wire for external connection. 

[Claim 2] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi five to 12% of 
the weight as an outermost layer metal at Sn at the electrode lead wire for external connection. 

[Claim 3] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi six to 10% of 
the weight as an outermost layer metal at Sn at the electrode lead wire for external connection. 

[Claim 4] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi four to 1 5% of 
the weight, and contained Ag and Cu one to 5% of the weight in the sum as an outermost layer metal in the electrode lead wire for 
external connection at Sn. 

[Claim 5] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi five to 12% of 
the weight, and contained Ag and Cu two to 5% of the weight in the sum as an outermost layer metal in the electrode lead wire for 
external connection at Sn. 

[Claim 6] Electronic parts characterized by carrying out adhesion formation of the metal layer which contained Bi five to 10% of 
the weight, and contained Ag and Cu two to 4.5% of the weight in the sum as an outermost layer metal in the electrode lead wire 
for external connection at Sn. 

[Claim 7] Electronic parts with which it comes to carry out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and the 
sum of Ag and Cu is characterized by the remainder being Sn by Bi at 1 - 5 % of the weight four to 1 5% of the weight by 
composition by the aforementioned whole metal layer. 

[Claim 8] Electronic parts with which it comes to carry out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and the 
sum of Ag and Cu is characterized by the remainder being Sn by Bi at 2 - 5 % of the weight five to 12% of the weight by 
composition by the aforementioned whole metal layer. 

[Claim 9] Electronic parts with which it comes to carry out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and the 
sum of Ag and Cu is characterized by the remainder being Sn by Bi at 2 - 4.5 % of the weight six to 10% of the weight by 
composition by the aforementioned whole metal layer. 

[Claim 10] Electronic parts according to claim *, *, *, *, *, *, *, *, or * characterized by being formed on a substratum [ in which 
the metal layer which carried out adhesion formation becomes the electrode lead wire for external connection from Cu or nickel ] 
metal layer. 

[Claim 1 1] It is the manufacture technique of electronic parts of manufacturing electronic parts according to claim *, *, *, *, *, *, 
*, *, or *, and current density is 1 .5A/dm2. The manufacture technique of the electronic parts characterized by carrying out 
adhesion formation of the metal layer by the electroplating method of the following conditions. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to electronic parts and its manufacture technique, such as a 

semiconductor device equipped with the electrode lead wire for external connection which does not contain Pb. 

[0002] 

[Description of the Prior Art] It can attach and (soldering) be made to do a semiconductor device at a printed circuit board or the 
circuit board by carrying out adhesion formation of the lead-tin (Pb-Sn) system solder layer beforehand in the electrode lead wire 
for external connection in the conventional semiconductor device easily. Therefore, Pb was contained into the fraction of the 
electrode lead wire for external connection at almost all semiconductor devices. Adhesion formation of the Pb-Sn system solder 
layer was carried out by plating or the DIP. 

[0003] By making a leadframe carry out adhesion formation of the palladium (Pd) which is the easy metal of soldering beforehand 
in recent years, while soldering arrival after an assembly is made unnecessary, the semiconductor device which does not contain 
Pb is introduced (for example, Nikkei electronics no. 622, p 17 and 1994). 
[0004] 

[Problem(s) to be Solved by the Invention] In order that this invention may realize electronic parts, such as a semiconductor 
device (Pb was cut down on suitable level on the environmental cure) which eliminated Pb When the Pb-Sn system solder which 
was carrying out adhesion formation is especially replaced with the electrode lead wire for external connection at the metal (Pb 
was made below into impurity level of material) layer which does not contain Pb It can solder to a printed circuit board or the 
circuit board firmly, and aims at offering the electronic parts which can acquire a high reliability, and its manufacture technique. 
[0005] Moreover, this invention aims at offering the electronic parts which can solder easily, and its manufacture technique. 
Furthermore, this invention aims at offering the few electronic parts and its manufacture technique of an aging. 
[0006] 

[Means for Solving the Problem] The electronic parts of this invention were replaced with the electrode lead wire for external 
connection as an outermost layer metal which carries out adhesion formation at the conventional Pb-Sn system solder, and the 
Sn-Bi system alloy with which the bismuth (Bi) was mixed as a metal which reduces the melting point to Sn (232 degrees C of 
melting points) which mainly achieves the duty of adhesion was used for them. Moreover, Ag and Cu were chosen as an addition 
metal for making easy soldering of the electrode lead wire for external connection. That is, Ag and Cu are added in this invention, 
using the alloy of an Sn-Bi system as an outermost layer metal of the electrode lead wire for external connection of electronic 
parts. In addition, any of only one of the two's addition or both addition are sufficient either, and it is not necessary to add about 
Ag and Cu. When adding, in the amount of said, the direction of Ag is [ an effect ] size compared with Cu. 
[0007] In addition, when Ag or Cu is added, it is easy to melt Ag and Cu that soldering becomes easy to Sn. That is, it becomes 
easy to melt Ag and Cu of the side here (lead- wire side) to Sn in the soldering paste at the time of soldering, and soldering 
becomes easy. It is because the mechanical strength of an alloy will become remarkably weak here if having made the content of 
Bi into 4 - 1 5 % of the weight has the need of making high temperature at the time of the melting point soldering to a printed 
circuit board or the circuit board highly (225 degrees C) if it is less than 4 % of the weight (260 degrees C or more), soldering 
becomes the distress and 1 5 % of the weight is exceeded, the content of Bi calls it 1 - 4% of the weight of Ag, and about 1 % of 
the weight of Cu, in order to solve this with regards to the reliability of the soldered joint section - as -- total [ of - one ] 5% of the 
weight of within the limits Ag or Cu - one side was added as it is few Moreover, Ag is added one to 5% of the weight, for 
example, it is good also as 0 % of the weight, and it is [ Cu adds Cu one to 5% of the weight, and ] good also considering Ag as 0 
% of the weight. In addition, as combination in the case of making the sum of Ag and Cu into 5 % of the weight, although 

Ag:5%-Cu:0%, Ag:4.5%-Cu:0.5%, Ag:4.0%-Cu:1.0%, , Ag:0.5%-Cu:4.5%, Ag:0%-Cu:5%, etc. can be considered, for 

example If a total addition is the same, Ag was made [ many ], an effect is [ direction ] high and, for Ag, Cu is [ the combination 
of 0 - 2% of the weight of a domain ] best by five to 3 weight. 

[0008] In addition, when the addition of Ag and Cu considers as 5 or less % of the weight and ** exceeds it, it is because a 
precipitation becomes early, a front face irregularity-izes and becomes granulative, and it becomes easy to generate electric short 
poor ] and the improvement effect of soldering becomes weak further according to a migration phenomenon. Here, the relation 
between the reliability of the soldered joint section and the content of Ag and Cu is explained. If the addition of Bi is 4% or less, 
oxidization of Sn advances remarkably, soldering will be difficult and the reliability of connection will become low. When Ag and 
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Cu were added at this time although a certain grade produced oxidization of Sn, even if the addition of Bi was more than it, as it 
mentioned above, soldering can become easy by the ground for being easy to melt Ag and Cu in Sn, soldering connection can be 
ensured, and a reliability can be raised. In addition, since a mechanical strength will fall and the reliability of soldering connection 
will fall as mentioned above if the content of Bi exceeds 1 5 % of the weight, 4 - 1 5 % of the weight is suitable for the content of 
Bi. 

[0009] In addition, although it is better to perform addition of Ag and Cu since a metal layer tended to oxidize at the time of 
adhesion formation, when forrning the metal layer of Sn-Bi in the electrode lead wire for external connection by the dipping 
method (dip coating), when forming a metal layer by electroplating, non-electric-field plating, etc., there is little oxidization of a 
metal layer at the time of adhesion formation, and it is not necessary to perform addition of Ag and Cu at it. However, it is more 
desirable to add Ag and Cu, since it considered to oxidize at the process after prolonged neglect ****** at the time of the 
connection with a substrate etc. 

[0010] Moreover, in case adhesion formation is carried out at the electrode lead wire for external connection, it is good also as a 
metal layer of the multilayer structure of the simple substance of Sn, Bi, Ag, and Cu, or an alloy, and in this case, at the time of 
soldering of the electrode lead wire for external connection, a metal layer carries out melting, is mixed and it not only adheres as 
one alloy layer, but it becomes uniform composition. Moreover, before carrying out adhesion formation of the metal layer , 
substratum metal layers, such as Cu or nicke l^ are formed in the electrode lead wire for external connection at the electrode lead 
wire tor external connection, and it can consider as a few j unction of an aging by carrying out adhesion formation of the me tal 
jayer on this substratu m metal layu . T ft gt is, generally the bottom o f a substratum me tal layer (nickej or Cu) is Fe / nickel alfovTo r 
CtTAlthough this re / nicKei alloy, or Cu may deteriorate (formation or oxidization ot a compound), and may worsen the 
adEef ability of a meta l layer, arid a crack may generate it to a part for the joint by the aging and it m ay result in an open circui t by 
passing apr ocess, it thesubstratum metal layer is prepared as mentioned above, it can avoid such a probl em. 
[UU1 1J Moreover, as the manufacture technique, it is a metal layer Current density 1 .5A/dm2 By carrying out electroplating on 
condition that the following, particle size of the grain which constitutes the metal layer adhering to the electrode lead wire for 
external connection can be made small, and, as a result, electrode lead wire for external connection can be soldered easily. It is as 
follows when the above is collected. That is, it considers as basic invention that this invention carried out adhesion formation of 
the metal layer which contained Bi four to 1 5% of the weight in Sn as an outermost layer metal, that is, covered it to the electrode 
lead wire for external connection. And what contained Ag in 1 - 5 more% of the weight of the domain in the metal layer which 
contained Bi four to 1 5% of the weight in Sn, contained Cu in 1 - 5% of the weight of the domain in it, or contained Ag and Cu in 
1 - 5% of the weight of the domain in the sum in it is considered as the application invention. What is necessary is just to make 
Ag, Cus, or those both contain in 5 or less % of the weight of the domain by the above, although the domain is made into 1 - 5 % 
of the weight. That is, although the lower limit is made into 1 % of the weight in the meaning of removing 0 % of the weight, it is 
better than 1 % of the weight also as 0 - 5 % of the weight at least on the conditions that only the part according to the content 
removes 0 % of the weight since an effect is acquired. 

[0012] Here, an operation of addition of Ag and Cu is explained, the technical probrem of three kinds of Sn oxidization advance 
of the following [ configuration / of Ag+Cu ] - and (the order of a process) four kinds of technical probrems of the soldering 
nature after Sn oxidization are synthesized and solved 

A: the time of formation of an enveloping layer -- the Al :dipping method (in order to soak in what was fused, Sn tends to oxidize) 

- it is good to make 5 or less % of the weight contain Ag+Cu for antioxidizing of Sn at this time Even when Ag and Cu are 
independent, they are good. In addition, if it is the same amount, Ag of the effect of antioxidizing is higher. 

[0013] A2: Electroplating method (there is little oxidization of Sn) 

When Ag+Cu took the back process into consideration, made it more desirable to contain. 

B: Oxidization is looked at by Sn of a lead enveloping layer by 85 degree-C examination of 16 hours which is equivalent to one 
year every day of Japan to being left by the case of being long for about one year after a lead is manufactured before actually being 
used. It is good to make the antioxidizing contain 5 or less % of the weight for Ag+Cu. Even when Ag and Cu are independent, 
they are good. In addition, if it is the same amount, Ag of the effect of antioxidizing is higher. 

[0014] C: The technical-probrem CI :soldering paste when soldering electronic parts to a substrate etc. and Sn of a lead 

enveloping layer oxidize. It is good to make the antioxidizing contain 5 or less % of the weight for Ag+Cu. Even when Ag and Cu 

are independent, they are good. In addition, if it is the same amount, Ag of the effect of antioxidizing is higher. 

C2: If there is oxidization of Sn, soldering of the electronic parts by the soldering paste will be difficult, and a reliability will fall. 

As the solution, it is good to make 5 or less % of the weight contain Ag+Cu. Even when Ag and Cu are independent, they are 

good. 

[0015] In addition, Ag+Cu acts as follows. That is, even if Ag+Cu in a lead enveloping layer is soluble in Sn in a soldering paste 
and there is oxidization of Sn, soldering becomes easy, the bond strength of a lead, a substrate, and a soldering paste is high, and a 
reliability improves. As mentioned above, although the effect of Ag+Cu was as finally having stated to the term of C2, the 
antioxidizing effect in the process of the gradual term of Al , B, and C 1 was also compounded the middle, if it puts in another way 

- antioxidizing of Sn in each term of A, B, and C -- soldering it will be said that it is easy, therefore it will be said that the bond 
strength of a lead, a substrate, and a soldering paste is high, and a reliability improves 

[0016] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing about the gestalt of operation of this invention. The 
electrode lead wire for external connection of electronic parts, such as a semiconductor device, is soldered to a Floe process or the 
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reflow method at a printed circuit board or the circuit board. Therefore, it is necessary to correspond to the electrode lead wire of 
electronic parts as a metal which carries out adhesion formation at each. 

[0017] Electronic parts according to claim 1 are characterized by carrying out adhesion formation of the metal layer which 
contained Bi four to 15% of the weight as an outermost layer metal at Sn at the electrode lead wire for external connection. By 
such configuration, while electronic parts can be easily attached in a printed circuit board or the circuit board by soldering at low 
temperature, sufficient mechanical strength for a metal layer can be given, and the reliability of a soldered joint fraction can be 
made high. 

[00 1 8] Electronic parts according to claim 2 are characterized by carrying out adhesion formation of the metal layer which 
contained Bi five to 12% of the weight as an outermost layer metal at Sn at the electrode lead wire for external connection. By 
such configuration, while electronic parts can be easily attached in a printed circuit board or the circuit board by soldering at 
much more low temperature, much more sufficient mechanical strength for a metal layer can be given, and the reliability of a 
soldered joint fraction can be made high. 

[0019] It is characterized by carrying out adhesion formation of the metal layer which contained Bi six to 10% of the weight as an 
outermost layer metal at Sn at an electrode lead wire for external connection according to claim 3. By such configuration, while 
electronic parts can be easily attached in a printed circuit board or the circuit board by soldering at further much more low 
temperature, further much more sufficient mechanical strength for a metal layer can be given, and the reliability of a soldered joint 
fraction can be made high. 

[0020] It is characterized by electronic parts according to claim 4 carrying out adhesion formation of the metal layer which 
contained Bi four to 15% of the weight, and contained Ag and Cu one to 5% of the weight in the sum as an outermost layer metal 
in the electrode lead wire for external connection at Sn. By such configuration, while electronic parts can be attached in a printed 
circuit board or the circuit board still easily by soldering at low temperature, sufficient mechanical strength for a metal layer can 
be given, and the reliability of a soldered joint fraction can be made high. 

[0021] It is characterized by electronic parts according to claim 5 carrying out adhesion formation of the metal layer which 
contained Bi five to 1 2% of the weight, and contained Ag and Cu two to 5% of the weight in the sum as an outermost layer metal 
in the electrode lead wire for external connection at Sn. By such configuration, while electronic parts can be attached in a printed 
circuit board or the circuit board still easily by soldering at much more low temperature, much more sufficient mechanical 
strength for a metal layer can be given, and the reliability of a soldered joint fraction can be made high. 
[0022] It is characterized by electronic parts according to claim 6 carrying out adhesion formation of the metal layer which 
contained Bi five to 10% of the weight, and contained Ag and Cu two to 4.5% of the weight in the sum as an outermost layer 
metal in the electrode lead wire for external connection at Sn. By such configuration, while electronic parts can be attached in a 
printed circuit board or the circuit board still easily by soldering at further much more low temperature, further much more 
sufficient mechanical strength for a metal layer can be given, and the reliability of a soldered joint fraction can be made high. 
[0023] Electronic parts according to claim 7 come to cany out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and Bi is 

4 - 1 5 % of the weight in composition by the whole metal layer, the sum of Ag and Cu is 1 - 5 % of the weight, and they are 
characterized by the remainder being Sn. By such configuration, melting is carried out in the case of soldering to the circuit board 
and the printed circuit board of the electrode lead wire for external connection of electronic parts of the metal layer of multilayer 
structure, it becomes uniform composition, and an operation which was shown by the previous claim 4 is done so. 

[0024] Electronic parts according to claim 8 come to carry out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and Bi is 

5 - 12 % of the weight in composition by the whole metal layer, the sum of Ag and Cu is 2 - 5 % of the weight, and they are 
characterized by the remainder being Sn. By such configuration, melting is carried out in the case of soldering to the circuit board 
and the printed circuit board of the electrode lead wire for external connection of electronic parts of the metal layer of multilayer 
structure, it becomes uniform composition, and an operation which was shown by the previous claim 5 is done so. 

[0025] Electronic parts according to claim 9 come to carry out adhesion formation of the metal layer which becomes the electrode 
lead wire for external connection from the simple substance of Sn, Bi, Ag, and Cu, or the multilayer structure of an alloy, and Bi is 

6 - 10 % of the weight in composition by the whole metal layer, the sum of Ag and Cu is 2 - 4.5 % of the weight, and they are 
characterized by the remainder being Sn. By such configuration, melting is carried out in the case of soldering to the circuit board 
and the printed circuit board of the electrode lead wire for external connection of electronic parts of the metal layer of multilayer 
structure, it becomes uniform composition, and an operation which was shown by the previous claim 6 is done so. 

[0026] It is characterized by forming electronic parts according to claim 10 on a substratum [ in which the metal layer which 
carried out adhesion formation becomes the electrode lead wire for external connection from Cu or nickel in electronic parts 
according to claim *, *, *, *, *, *, *, *, or * ] metal layer. Thus, it is enabled to obtain a few junction of an aging by forming a 
metal layer on the substratum metal layer which consists of Cu or nickel. 

[0027] For the manufacture technique of electronic parts according to claim 1 1, it is the manufacture technique of electronic parts 
of manufacturing electronic parts according to claim *, *, *, *, *, *, *, *, or *, and cunrent density is 1.5A/dm2. By the 
electroplating method of the following conditions, it is characterized by carrying out adhesion formation of the metal layer. By this 
technique, particle size adhering to the electrode lead wire for external connection can be made small, and installation by 
soldering to the circuit board and the printed circuit board of the electrode lead wire for external connection can be performed 
easily. 
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[0028] Drawing 1 is a cross section of the electrode lead wire for external connection of the semiconductor device which is one of 

electronic parts. The inside of drawing and 1 show the metal layer for in a die bond agent and 4, the resin for molding and 5 

making electrode lead wire for external connection, and 6 making [ a semiconductor device and 2 / a metal wire and 3 ] easy 

installation to a printed circuit board or the circuit board. Hereafter, some examples have and explain. 

[0029] 

[Example] 

It is current density 1 .0A/dm2 on [ after forming a substratum nickel plating layer with a thickness of 1 -3 micrometers in the 
electrode lead wire of the semiconductor device which die bond of the semiconductor device is carried out on the leadframe of 
[example 1] copper material, a wiring with an external electrode is also performed, and the resin seal and the lead manipulation 
ended ] it. Adhesion formation of the Sn-Bi alloy layer which contains Bi 10% of th e weight was carried out at 10 micrometers in 
thickness. 

[0030] After forming a 1 -2-micrometer substratum Cu plating layer in the electrode lead wire of the iron-nickel material which 
the resin seal and the lead manipulation ended like the [example 2] above, adhesion formation of 4% of the weight of the Sn-Bi 
alloy layer was carried out for electrode density 1 .5A/dm2 and Bi at 12 micrometers in thickness. 

It dipped in Sn-Bi- Ag (85-10 to 5 % of the weight) currently heated by 280 degrees C in the electrode lead wire of the copper 
material which the resin seal and the lead manipulation ended like the [example 3] above after forming a substratum nickel layer, 
and adhesion formation of the metal layer was carried out at 20 micrometers in thickness. 

[003 1] After carrying out adhesion formation of the Sn-Bi (80 to 20 % of the weight) with a thickness of 10 micrometers by 
plating first, it dipped into the electrode lead wire of th e copper material w hich the resin seal and the lead manipulation ended like 
the [example 4] above into Sn-Ag (96 to 4 % of the weight) heated by 280 degrees C. Composition of the metal layer on electrode 
lead wire was Sn-Bi-Ag (85-1 1 to 4 % of the weight). 

[0032] The measurement result of change of the relative bonding strength of the Sn-Bi system alloy by change of the content 
(weight %) of Bi in an Sn-Bi system alloy and change of the melting point is shown in drawing 2 . In this drawing, Bi content 
(weight %) is taken along a quadrature axis, a relative bonding strength (kg) is taken on the left-hand side of an axis of ordinate, 
and the melting point (**) is taken on the right-hand side of the axis of ordinate. The curve which attached the white round head is 
a curve which shows the content (weight %) of Bi, and the relation of a relative bonding strength (kg) among this drawing. The 
curve which attached the black dot is a curve which shows the content (weight %) of Bi, and the relation of the melting point (**), 
if the content (weight %) of Bi is less than 4%, the melting point will go up suddenly, and when the content (weight %) of Bi 
exceeds 1 5%, it turns out that the relative bonding strength is falling suddenly. 

[0033] Moreover, it sets to electroplating and is current density 1 .5A/dm2 It considered as the following because a particle 
diameter changed and soldering nature deteriorated with current density. That is, if current density is large, a particle diameter 
will become large and soldering nature will become bad. The soldering nature (relation between a zero-cross time and current 
density) by the ******** graph was shown in drawing 3 . In this drawing, current density is 1 . 5 A/dm2 . If it exceeds, a zero-cross 
time will exceed about 3 seconds, and it is shown that poor soldering occurs. In addition, the following time is called zero clo time 
in a ******** graph. That is, although the solder side around a test piece once falls when a test piece is inserted in a melting 
solder tub, it is, and when time progress is carried out, a test piece and solder will get used and a solder side will go up rather than 
the original height along the front face of a test piece. In this case, time after inserting a test piece until a solder side returns to the 
original height is called zero clo time. 

[0034] According to the gestalt of operation of this invention, the electronic parts with the electrode lead wire for external 
connection which does not use lead can be offered. Moreover, it becomes the Sn-Bi alloy solder with few degradations to carry 
out adhesion formation to a thermal fatigue, and it can consider as highly reliable solder at the electrode lead wire for external 
connection. In Table 1, as an example of this invention, the electrode lead wire for external connection of examples 1-4, And the 
electrode lead wire for external connection which carried out adhesion formation of the Pb-Sn solder (40 to 60 % of the weight) 
by plating or DIP as a conventional example A Floe process (Sn-Bi solder, 80 to 20 % of the weight) And the reflow method 
(change by the thermal shock cycle of the bond strength when pasting a printed circuit board in Sn-Bi-Ag system solder and the 
Tanaka noble-metals incorporated company make (tradename alloy ^composition Sn-90%, Bi-7.5%, Ag-2%, Cu-0.5%)) It was 
shown (a thermal shock is -55 degree-C<-->+150 degree C, 30 minutes each). In addition, Sn-Bi solder (80 to 20 % of the 
weight) was used by the Floe process for doubling with the working temperature (230 degrees C - 240 degrees C) when using a 
soldering paste. 
[0035] 
[Table 1] 
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4/2 0 






70- 


Sn/B I (8 0/2 0) 


0/20 


0/20 


0/2 0 


0/20 


0/20 


2/2 0 






!)7o- 


Sn/Bi/AgS (Tu^H) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


3/20 


at * «i 


7D- 


Sn/B i (8 0/2 0) 


0/20 


0/2 0 


0/2 0 


0/2 0 


3/2 0 


7/2 0 






'J7 0- 


Sn/B i/Aff* (To^H) 


0/2 0 


0/2 0 


0/20 


1/2 0 


4/2 0 


1 2/2 0 



[0036] Although the failure occurred by 300 times of thermal shock cycles in the conventional example as shown in Table l, even 
if it repeated the thermal shock cycle of the number of times of said, the defective was not generated at all by this example. 
Therefore, the high thing of the reliability of the electronic parts obtained by this invention is clear. 
[0037] 

[Effect of the Invention] According to the electronic parts according to claim 1, while electronic parts can be easily attached in a 
printed circuit board or the circuit board by soldering at low temperature, sufficient mechanical strength for a metal layer can be 
given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint fraction high. 
[0038] According to the electronic parts according to claim 2, while electronic parts can be easily attached in a printed circuit 
board or the circuit board by soldering at much more low temperature, much more sufficient mechanical strength for a metal layer 
can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint fraction 
high. According to the electronic parts according to claim 3, while electronic parts can be easily attached in a printed circuit board 
or the circuit board by soldering at further much more low temperature, further much more sufficient mechanical strength for a 
metal layer can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered 
joint fraction high. 

[0039] According to the electronic parts according to claim 4, while electronic parts can be attached in a printed circuit board or 
the circuit board still easily by soldering at low temperature, sufficient mechanical strength for a metal layer can be given, and also 
to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint fraction high. According to the 
electronic parts according to claim 5, while electronic parts can be attached in a printed circuit board or the circuit board still 
easily by soldering at much more low temperature, much more sufficient mechanical strength for a metal layer can be given, and 
also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint fraction high. 
[0040] According to the electronic parts according to claim 6, while electronic parts can be attached in a printed circuit board or 
the circuit board still easily by soldering at further much more low temperature, further much more sufficient mechanical strength 
for a metal layer can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a 
soldered joint fraction high. According to the electronic parts according to claim 7, while electronic parts can be attached in a 
printed circuit board or the circuit board still easily by soldering at low temperature, sufficient mechanical strength for a metal 
layer can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint 
fraction high. 

[0041] According to the electronic parts according to claim 8, while electronic parts can be attached in a printed circuit board or 
the circuit board still easily by soldering at much more low temperature, much more sufficient mechanical strength for a metal 
layer can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability of a soldered joint 
fraction high. According to the electronic parts according to claim 9, while electronic parts can be attached in a printed circuit 
board or the circuit board still easily by soldering at further much more low temperature, further much more sufficient mechanical 
strength for a metal layer can be given, and also to a thermal fatigue, there are few degradations and they can make the reliability 
of a soldered joint fraction high. 

[0042] According to the electronic parts according to claim 10, it is enabled to obtain a few junction of an aging. According to the 
manufacture technique of electronic parts according to claim 11, particle size adhering to the electrode lead wire for external 
connection can be made small, and installation by soldering to the circuit board and the printed circuit board of the electrode lead 
wire for external connection can be performed easily. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the electrode lead wire for external connection of the semiconductor device in the gestalt of 
operation of this invention. 

[Drawing 2] It is the property view showing the relation between Bi content in an Sn-Bi alloy, a bonding strength, and the melting 
point. 

[Drawing 3] It is the property view showing the relation between soldering nature (zero-cross time ina ******** graph 
examination), and the current density at the time of plating. 
[Description of Notations] 

1 Semiconductor Layer Element 

2 Metal Wire 

3 Die Bond Material 

4 Resin for Molding Closure 

5 Electrode Lead Wire for External Connection 

6 Metal Layer 
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(**%) tst^ (°o (Dmmztn-t&mxh 0 , b i 

(fifi%) * J 4%5rTHII.i:W[^>'ll^±# 

b i coitus. (mm%) *u 5%*nth 
t . w^wft^aa^atcfiT t t ^ s - 1 h . 

[0033] *7t, '/^tcfc^T. 

1. 5A/dm2 lilTtUWIi, m3S®iStCi-oTa 

ttj&«» < * 4-. H3^^<-Xnj/77ti-S ^fflftJttt- 

T'ti. HBttf*#l. 5A/dm! *i8i*l:. -fe'o^ 
^ -f A 3 Si h Z b fcif 0 . ¥Baf+WA 

i^ng. mmfrzmL&AsXfrb^mMrfTtcDimzizm 

[0034] *«^W5dfi<?5JB!BC J: 4 1 . ffi&ffiffl L 

4ikj& f rs4. nmmmmm.mo-^mznm 

Mffct&ntiK mS&ilZti LX'£lt<7)'J?%\<* S n - B i 
-£&¥EB b**). mmW&^m b-f&Zb 4 . 
* 1 *$mcom b IX , ^ifiW 1 ~4 o^ffSNK 
ffl«ffiU-H*6. LTPb-Sn¥ffl 
(40-6011%) *>-y4r4fc«-r-f 7 7CJ:0# 

-Bifffl, 80-2 0S4%) J3it/'j7a-ffi (S 

n - b i - a s &*m . m*it4tm&&4am < fflp a p=s 

7D^fH:iJtSn-9 0%, Bi-7. 5%, Ag- 
2%, Cu-0. 5%) tcrr'J >h»RK:»#LA:^r 



(6) 
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3£J4- 5 5*C^— + 1 5 O'C. #3 0#) . fc*5. 70 
-ft?Sn-B i^ffl (80-20*4%) Srffl^fctf) 



2 4 0 -C ) £*>T* & . 

[0035] 

cm ] 







BBtfit 


h c-5 5t> — + 1 5 or. 


*3 0£) 










^ B tfi J3c 


otm 


50«f* 


loot*?* 


200t<*A 


300W* 


400U** 




mi 


7D- 


Sn/B i (8 0/2 0> 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


2/2 0 




'J7D- 


S n/B i /A gjfc (7o^H) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


4/2 0 




flI2 


7Q- 


Sn/B I (8 o/2 0) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


2/2 0 




•J7 0- 


Sn/Bl/Ag3£ (Tn-<H) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


3/2 0 






7o- 


Sn/B i (8 0/2 0) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


1/2 0 


IB 


U 7o- 


Sn/Bi/Ag^ (Td^H) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


4/2 0 




11 
ff*4 


7D- 


Sn/B i (8 0/2 0) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


2/2 0 






'J7D- 


Sn/B l'/Afft (To-fH) 


0/2 0 


0 / 2 0 


0/20 


^0/2 0 


0/2 0 


^ 3/2 0 


si m 


7C- 


Sn/B i (8 0/2 0) 


0/2 0 


0/2 0 


0/2 0 


0/2 0 


3/2 0 


7/2 0 






'J 7B« 


Sn/B i/AgS CTBVH) 


0/2 0 


0/2 0 


0/2 0 


1/2 0 


4/2 0 


1 2/2 0 



[ 0 0 3 6 ] m 1 ipbbfrh J: it. tt*WCJi 3 0 0 

[0037] 

iotfgCKO fl-tf 4 d i #T-# 4 i: i: i> t= . £JgJl 
[0038] W^)S2Kfg««^gnp n n^ ifUf. Uof 

f+ltfc J: -? T fctt >J tttt iikmiiitt. 
AJSMitcv^ * 3 +#=5rl»M««Ut* tfc-fr 4 i b if? 

£ A* T * 4 b b i, (c , itm m (c £ £> tc v w -?■ 3 -Httr 

•fb^& < , ¥H«£»#tf>«i»tt*i« < -r a z t w? 

[0039] iB^4fai2»«^a3o a n t= iixti'. ffiv^S 
otJ $> fcSSKR 9 tttt4 i b #T'# 4 1 1 C & 



[0040] m^me imnn^m&izxtiti. $ ^ic 

tc^HWttt «t $ 4>tc#Sfc:ra Off W-4 i t j&^S 

< . *EB«^aWKO««1t*K< r 4 £ 1 3&»T* 4 . If 

l-BX *) ftJt 4ifc**T#4fci:t>fe:. A*Jit:-HJ-=Srf| 
t ^4 i b , *feR5*fc:«- LT 
, ^BBS^»»<oe«ltttH<'r4i k*^*' 

[004 1] f»*^ 8 liSJ^«Tg|3p a p(: J: fltf % V^o^ 

nmz j: s ^iz^izm wn&zt *<t-# 4 1 1 

*>fc, All«(cv^*3-H»-«:««W5§UJE*tfc-li:4i 

t . lt t ^t*^ < , ¥h»&» 

4i^)fSHtt m < t& i t #T'# 4 . I« 9 lEtt^m 
^HSWitc ifLHT . § fefcn->f a ffi^?SJgT-m^p a p$r 
T'J >• h3£K^»|l|«aHRlc*B3f ! f ^T $ 

0 ft It 4 £ b ifiV * 4 £ i C . ^S® iz $ ^ (c ^ 

tzn lt \>mtt>^% < , ¥BB:tt-&a5»^)<g«tt**< 

[0042] 5f$3 1 OSEtt^flL^JHBffliK: i iiif . 
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- KHoHIHaHR^ U y hMR^^fflftJtfc J: SIX 
[02] Sn-B i^A+^Bi^ika^SIKfcJ: 

[01] 




2 &BO'f + 

5 »KftttHSffU-tfK 

6 &rie 



[H3] ¥ffltt<ttt (^^3^57K»t^n;n 

1 ^ftJfSe 1 

[02] 




B i-»*fi CSS*). 



[03] 




0 0.2 0.6 1.0 1.5 20 



KSfcteS (A/dm' ) 
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mmm mm 



